In this paper, the thermal performance of a sunspace attached to a house with a central air conditioning system was experimentally investigated. The house with a south-facing sunspace is located in Miyazaki, Japan, where heating is required in winter. In order to reduce the heating energy in winter, the hot air from the attached sunspace is sent to the central air conditioning room, from where it is then distributed and stored throughout the house by way of air circulation. Only when the temperature in the sunspace exceeds 24 • C is the hot air in the sunspace sent to the central air conditioning room. The air circulation between the attached sunspace and central air conditioning room is 500 m 3 /h. The temperature of the attached sunspace and each room were measured. The results showed that a house with a sunspace can save about 12.2% of energy compared to a house without a sunspace.
Introduction
Building energy demands play an important role in the world's total energy consumption. Japan's buildings account for more than 30% of its energy consumption [1] . The government recently formulated a policy requiring that all new buildings meet Japan's energy efficiency standards by 2020, aiming to increase the ratio of renewable energy for each energy supply by 10% by 2020 through the preferment of solar heat and solar light [1] . International regulations increasingly encourage sustainable development strategies that integrate solar energy systems with buildings. The solar techniques can reduce yearly heating requirements by 25% [2] . The optimal architectural design strategies could save 63% to 76% of energy [3] . Several different architectural method designs, such as Trombe walls [4] , solar roofs [5] , solar chimneys [6] , sunspace and so forth, are used in construction. The attached sunspace is considered for the heating season, as they capture the maximum sunlight coming in through the glazing surface causing the inner wall surfaces and air to increase in temperature [7] .
Many researchers have investigated various parameters to help increase the efficiency of the sunspace such as glazing area and types, ventilation, shading devices, the storage wall's materials, orientation and the sunspace's configurations.
Oliveti et al. [8, 9] compared the solar radiation absorption characteristics of a house attached with 10 different geometrical configurations of sunspaces to a house with a single glazed surface. They concluded that the optical characteristics of the sunspaces and the proportion of the glazed area and opaque surfaces are the main factors. They also characterized the optical and thermal efficiency of the sunspace by the evaluation of the solar energy effectively absorbed in the sunspace [10] . They concluded that in the presence of a shading system, the effective absorption coefficient values are between 0.52 and 0.61 in the case of more absorbent walls (the wall absorption coefficients = the floor absorption coefficients = 0.5) and between 0.39 and 0.44 in the case of opaque internal surfaces that are only slightly absorbent (the wall absorption coefficients = the floor absorption coefficients = 0.2). In the absence of a shading device, the effective absorption coefficient values are between 0.54 and 0.62 for the first configuration and between 0.40 and 0.44 for the second.
Monge-Barrio et al. [11] explored the improved design and energy effectiveness of the sunspace for different climatic zones in Spain and concluded that solar heating systems must be designed for the whole year. Bastien et al. [12] used FD (finite difference thermal network) and FR (frequency response) models to analyze the key design objectives of sunspaces equipped with various passive TES (thermal energy storage) systems and concluded that passive TES (thermal energy storage) in sunspaces can most significantly impact the minimum operative temperature, the daily average operative temperature swing and the timing of the heat delivery. Babaee et al. [13] studied the optimal design for the passive heating of a sunspace in an apartment block in Tabriz (cold climate) and showed that the optimum orientation for the sunspace in Tabriz is 5 • southeast and the best orientation is 0-10 • southeast. The sunspace with a transparent side facing south and three opaque sides is the most efficient.
Chiesa et al. [14] studied the potential efficiency of a sunspace in reducing an apartment's sensible heat requirement by using EnergyPlus software and concluded that increasing the inner wall capacity did not significantly affect the average performance of sunspaces in adjacent rooms. Ulpiani et al. [7] studied the energy performance of a nearly zero-energy building with different sunspaces (irradiative single-glazed, irradiative double-glazed and convective double-glazed) and concluded that the convective double-glazed sunspace achieves the best energy performance. Lu et al. [15] studied the heating energy performance of a building with a PCM wall attached with a sunspace combined with a PCM floor on the campus of Tianjin University and proved that this heating system can effectively improve indoor temperature. Sánchez-Ostiz et al. [16] studied the thermal energy performance of a house attached with a sunspace and concluded that in summer, adequate ventilation and solar protection systems are the keys to avoiding overheating caused by the sunspace. Bataineh et al. [17] studied the thermal performance of a sunspace with an inclined front surface and proposed that the use of an inclined front surface with double glazing can further reduce the cooling and heating load demands.
Mottard, J.-M. and Fissore, A. [18] developed a new model of an attached sunspace, which focuses on the treatment of solar radiation distribution and internal long-wave radiation exchanges and the model is validated by experimental results. They concluded that it is very important to use geometric methods to distribute the direct solar radiation to the inner surfaces of the sunspace, rather than using the view factors. Rempel et al. [19] investigated the energy performance of four different sunspaces using EnergyPlus software and concluded that the orientation has little effect on performance and large amounts of stored energy are lost through the central. They also [20] assessed traditional massing, a larger range of floor mass thicknesses and various ground connection alternatives in a series of field-validated sunspace models to reveal thermal mass design parameters more suitable to the Pacific Northwest and concluded that the perimeter insulation is not enough and the mass must be separated from the moist soil.
However, no scholars have studied the use of temperature-controlled fans to transfer heat from the sunspace to the interior to reduce the heating load. With the promotion of highly insulated and sealed houses, the central air conditioning systems that integrate ventilation, cooling and heating have received attention. In addition, solar heat utilization is attracting attention as an effective means of reducing energy consumption of cooling/heating and hot water supply. Based on the above, research and development of houses combining the central air conditioning system and solar energy utilization are necessary for a comfortable thermal environment and energy saving. The purpose of this paper is to analyze the thermal performance of a sunspace attached to a house with a central air conditioning system. We conducted a field study investigation to understand heat utilization of the sunspace and proposed suggestions for further effective utilization of the heat in the attached sunspace to reduce heating load.
Method

Experimental Procedure and Simulation Software
We studied the thermal effects and operation methods of the sunspace by using measurements and simulations. In this study, from February 2015 to 2016, we measured the temperature and humidity of each room and the sunspace using the RTR-503 device. The time step was ten minutes. Figure 1 shows the floor plans and the temperature measurement points. The height of the sensors was at the middle height of each space. The Vantage Pro2 Console device was used to measure the humidity outdoors, wind speed, wind direction, solar radiation and temperature. The experimental work introduced here mainly focused on the analysis of the performance of the sunspace when the air was sent to the air conditioning room from the air cavity of the sunspace. THERB for HAM (Simulation Software of the Hygrothermal Environment of Residential Buildings for Heat, Air and Moisture) was used to study the energy performance of a house with a sunspace in winter. THERB for HAM is a dynamic calculation software that can calculate the temperature, humidity, heating and cooling loads for multi-zone buildings [21] .
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(a) (b) Figure 3 shows the central air conditioning and circulation system in winter. In the central air conditioning and circulation system, external air is sent to the air conditioning room through a total enthalpy heat exchanger and air filters. The air in the central air conditioning room is then sent to each room after its humidity and temperature are adjusted by a residential heat pump air conditioning unit. The air in the rooms returns to the central air conditioning room through duct, hallway and vent layers in the wall. Part of the air is discharged to the outside by a total enthalpy heat exchanger. The rest of the air is sent back to the rooms after going through the central air conditioning room again.
Air Circulation System
In order to reduce the heating energy, in winter, the heat from the sunspace is sent to the central air conditioning room, from where it is then distributed and stored throughout the building by way of air circulation. Further, in summer, the cooling energy can be reduced by opening the windows on the outside of the sunspace and using the wing walls and roof to provide shade from the sun. Figure 3 shows the central air conditioning and circulation system in winter. In the central air conditioning and circulation system, external air is sent to the air conditioning room through a total enthalpy heat exchanger and air filters. The air in the central air conditioning room is then sent to each room after its humidity and temperature are adjusted by a residential heat pump air conditioning unit. The air in the rooms returns to the central air conditioning room through duct, hallway and vent layers in the wall. Part of the air is discharged to the outside by a total enthalpy heat exchanger. The rest of the air is sent back to the rooms after going through the central air conditioning room again. 
Results and Discussion
Analysis of the Thermal Environment in Winter
We measured the results of March 2015 and results from November 2015 to February 2016. Figures  4-8 show the changes in the temperature of each room and the outside air. During the period from 1 to 8 March, the air conditioning was turned on (the set temperature of the air conditioner was 20 °C) and the air in the sunspace was sent to the air conditioning room when the sunspace temperature exceeded 24 °C. From 9 to 31 March and from 1 to 24 November, the air conditioning was turned off and the air in the sunspace was sent to the air conditioning room when the temperature in the sunspace exceeded 24 °C. During the period from 25 November to 29 February, the air conditioning was turned on (the set temperature of the air conditioner was 20 °C) and the air in the sunspace was sent to the air conditioning room when the sunspace temperature exceeded 24 °C.
In November, December, January and February, on some days the temperature in the sunspace exceeded 40 °C and 70% of the days it exceeded 30 °C in the four months. Even if the air in the sunspace was sent to the air conditioning room, the temperature in the sunspace was still high, so the heat in the sunspace could be further utilized. Even in December, January and February when the outside temperature was low, the heat in the sunspace could be used to reduce the heating load because the temperature in the sunspace reached a high temperature during the daytime.
In November, December, January, February and March, the proportion of days in which the sunspace temperature was over 24 °C (the control temperature when the air in the sunspace is sent to the air conditioning room) was 49%, 40%, 20%, 32% and 29%, respectively (Table 2) . In other words, even if the air is sent to the air conditioning room during the time when the temperature in the sunspace exceeds 24 °C, the number of days in the sunspace where the temperature exceeds 24 °C accounts for a large proportion. Therefore, it can be said that the heat in the sunspace cannot be sufficiently utilized only by sending the air in the sunspace to the air conditioning room. Therefore, it is necessary to consider ways to further use the heat inside the sunspace, such as adding additional thermal storage in the sunspace. In order to reduce the heating energy, in winter, the heat from the sunspace is sent to the central air conditioning room, from where it is then distributed and stored throughout the building by way of air circulation. Further, in summer, the cooling energy can be reduced by opening the windows on the outside of the sunspace and using the wing walls and roof to provide shade from the sun.
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We measured the results of March 2015 and results from November 2015 to February 2016. Figures 4-8 show the changes in the temperature of each room and the outside air. During the period from 1 to 8 March, the air conditioning was turned on (the set temperature of the air conditioner was 20 • C) and the air in the sunspace was sent to the air conditioning room when the sunspace temperature exceeded 24 • C. From 9 to 31 March and from 1 to 24 November, the air conditioning was turned off and the air in the sunspace was sent to the air conditioning room when the temperature in the sunspace exceeded 24 • C. During the period from 25 November to 29 February, the air conditioning was turned on (the set temperature of the air conditioner was 20 • C) and the air in the sunspace was sent to the air conditioning room when the sunspace temperature exceeded 24 • C.
In November, December, January and February, on some days the temperature in the sunspace exceeded 40 • C and 70% of the days it exceeded 30 • C in the four months. Even if the air in the sunspace was sent to the air conditioning room, the temperature in the sunspace was still high, so the heat in the sunspace could be further utilized. Even in December, January and February when the outside temperature was low, the heat in the sunspace could be used to reduce the heating load because the temperature in the sunspace reached a high temperature during the daytime.
In November, December, January, February and March, the proportion of days in which the sunspace temperature was over 24 • C (the control temperature when the air in the sunspace is sent to the air conditioning room) was 49%, 40%, 20%, 32% and 29%, respectively (Table 2) . In other words, even if the air is sent to the air conditioning room during the time when the temperature in the sunspace exceeds 24 • C, the number of days in the sunspace where the temperature exceeds 24 • C accounts for a large proportion. Therefore, it can be said that the heat in the sunspace cannot be sufficiently utilized only by sending the air in the sunspace to the air conditioning room. Therefore, it is necessary to consider ways to further use the heat inside the sunspace, such as adding additional thermal storage in the sunspace. Sunspace  49%  40%  20%  32%  29% In November, December, January and February, the proportion of days in which the LDK (living/dining/kitchen) room temperature above was 20 °C was 100% but in March it was 90% ( Table 3) . As the air conditioning room temperature in March was set at 20 °C, the temperature in each room was lower than 20 °C because the air was sent to each room from the air conditioning room. In addition, from 9 to 31 March, the LDK (living/dining/kitchen) room temperature was lower than 20 °C because the air conditioner was turned off. However, air conditioning was not used from 1 to 24 November but the LDK (living/dining/kitchen) room temperature in November maintained a comfortable temperature (18 °C to 22 °C [22] ). In November, the outdoor temperature is higher than in March, so the temperature of the LDK (living/dining/kitchen) room can be kept comfortable by sending hot air from the sunspace to the air conditioning room. Sunspace  49%  40%  20%  32%  29% In November, December, January and February, the proportion of days in which the LDK (living/dining/kitchen) room temperature above was 20 °C was 100% but in March it was 90% ( Table 3) . As the air conditioning room temperature in March was set at 20 °C, the temperature in each room was lower than 20 °C because the air was sent to each room from the air conditioning room. In addition, from 9 to 31 March, the LDK (living/dining/kitchen) room temperature was lower than 20 °C because the air conditioner was turned off. However, air conditioning was not used from 1 to 24 November but the LDK (living/dining/kitchen) room temperature in November maintained a comfortable temperature (18 °C to 22 °C [22] ). In November, the outdoor temperature is higher than in March, so the temperature of the LDK (living/dining/kitchen) room can be kept comfortable by sending hot air from the sunspace to the air conditioning room. In November, December, January and February, the proportion of days in which the LDK (living/dining/kitchen) room temperature above was 20 • C was 100% but in March it was 90% ( Table 3) . As the air conditioning room temperature in March was set at 20 • C, the temperature in each room was lower than 20 • C because the air was sent to each room from the air conditioning room. In addition, from 9 to 31 March, the LDK (living/dining/kitchen) room temperature was lower than 20 • C because the air conditioner was turned off. However, air conditioning was not used from 1 to 24 November but the LDK (living/dining/kitchen) room temperature in November maintained a comfortable temperature (18 • C to 22 • C [22] ). In November, the outdoor temperature is higher than in March, so the temperature of the LDK (living/dining/kitchen) room can be kept comfortable by sending hot air from the sunspace to the air conditioning room. In November, December, January and February, the proportion of days in which the washroom temperature was above 20 • C was 100% but in March it was 90% (Table 3 ). The reason why the percentage of the washroom above 20 • C in March is lower than the other months is the same reason as for the LDK (living/dining/kitchen) room. In addition, as the LDK (living/dining/kitchen) room is located on the south side and the washroom is located on the north side, affected by solar radiation, the percentage of temperatures above 20 • C in the washroom in March was lower than that of the LDK (living/dining/kitchen) room.
Room November December January February March
The ratio of the temperature of the children's room above 20
• C was about 100% in November, December and February, 90% in January and 87% in March ( Table 3 ). The ratio of the bedroom temperature above 20 • C was about 100% in November, 94% in December, about 67% in January, 82% in February and 67% in March ( Table 3 ). The percentage of temperatures above 20 • C in the bedroom was lower than that of the children's room. It can be seen that until the outside air temperature reaches the maximum as shown in Figure 8 (10 to 13 March), the children's room had a higher temperature than the bedroom and at night the temperature of the bedroom was higher than that of the children's room. It can be considered that this was influenced by the orientation (east and west). Therefore, owing to the influence of solar radiation, when the outdoor air temperature in the morning became lower, the temperature of the children's room rose faster than the bedroom temperature and, therefore, the ratio of the bedroom temperature above 20 • C was lower than that of the children's room. Figures 9 and 10 show the temperature of each room, the temperature of the outside air and solar radiation. On sunny days, owing to the large temperature difference between daytime and nighttime and the large amount of solar radiation during the daytime, the temperature difference between daytime and nighttime in the sunspace was relatively large. The difference on 4 February was 27.2 • C. As the hot air in the sunspace was sent to the air conditioning room, the temperature in each room increased as the temperature of the sunspace rose. When the amount of solar radiation is relatively small on a rainy day, the temperature difference in the sunspace was relatively small. The difference on 13 February was 3.25 • C. When the temperature in the sunspace was lower than 24 • C, the air in the sunspace was not sent to the air conditioning room, so the central air conditioning machine kept the temperature of each room at a constant temperature and the temperature rose as the outdoor air temperature rose. In November, December, January and February, the proportion of days in which the washroom temperature was above 20 °C was 100% but in March it was 90% ( Table 3 ). The reason why the percentage of the washroom above 20 °C in March is lower than the other months is the same reason as for the LDK (living/dining/kitchen) room. In addition, as the LDK (living/dining/kitchen) room is located on the south side and the washroom is located on the north side, affected by solar radiation, the percentage of temperatures above 20 °C in the washroom in March was lower than that of the LDK (living/dining/kitchen) room.
The ratio of the temperature of the children's room above 20 °C was about 100% in November, December and February, 90% in January and 87% in March (Table 3 ). The ratio of the bedroom temperature above 20 °C was about 100% in November, 94% in December, about 67% in January, 82% in February and 67% in March (Table 3 ). The percentage of temperatures above 20 °C in the bedroom was lower than that of the children's room. It can be seen that until the outside air temperature reaches the maximum as shown in Figure 8 (10 to 13 March), the children's room had a higher temperature than the bedroom and at night the temperature of the bedroom was higher than that of the children's room. It can be considered that this was influenced by the orientation (east and west). Therefore, owing to the influence of solar radiation, when the outdoor air temperature in the morning became lower, the temperature of the children's room rose faster than the bedroom temperature and, therefore, the ratio of the bedroom temperature above 20 °C was lower than that of the children's room. Figures 9 and 10 show the temperature of each room, the temperature of the outside air and solar radiation. On sunny days, owing to the large temperature difference between daytime and nighttime and the large amount of solar radiation during the daytime, the temperature difference between daytime and nighttime in the sunspace was relatively large. The difference on 4 February was 27.2 °C. As the hot air in the sunspace was sent to the air conditioning room, the temperature in each room increased as the temperature of the sunspace rose. When the amount of solar radiation is relatively small on a rainy day, the temperature difference in the sunspace was relatively small. The difference on 13 February was 3.25 °C. When the temperature in the sunspace was lower than 24 °C, the air in the sunspace was not sent to the air conditioning room, so the central air conditioning machine kept the temperature of each room at a constant temperature and the temperature rose as the outdoor air temperature rose. 
Analysis of the Thermal Environment in the Intermediate Period
Figures 11-13 show the temperature of each room and the temperature of the outside air. From 1 to 26 April, the air conditioning was turned off and the air in the sunspace was sent to the air conditioning room when the temperature in the sunspace exceeded 24 °C. From 27 April to 19 June, the air conditioning was turned off and the air in the sunspace was not sent to the air conditioning room. After 20 June, the air conditioning was turned on (dehumidification, the air conditioning temperature was set at 27 °C) and the outside window of the sunspace was opened.
In April and May, the temperature in the sunspace did not exceed 40 °C and the temperature difference between daytime and nighttime in the sunspace was not large. This is because the outdoor temperature rose and the amount of incident solar radiation decreased. From April to May, about 60% of the days in the sunspace have a temperature of more than 30 °C, which is 10% lower than in winter. In April and May, the solar altitude became larger and the amount of solar radiation was less than in winter. In April and May, the proportion of days in which the sunspace temperature was over 24 °C (the control temperature when the air in the sunspace is sent to the air conditioning room) was 48% and 71%, respectively. Compared with winter, the proportion increased. It can be concluded that as the outside air temperature rises, the temperature in the sunspace rises as a whole.
From 1 to 19 June, the difference between the temperature in the sunspace and the outdoor air temperature was small, although the outside windows of the sunspace were closed. This is because outside temperatures rise and the amount of incident solar radiation was less than in winter. In addition, it was the rainy season, which has many rainy days and there was not enough radiation to increase the sunspace temperature. However, there was a small difference between the sunspace temperature and the outside temperature, which indicates that the night temperature drops less. This confirms that the heat accumulated during the day is stored in the sunspace.
In all rooms, the proportion of days in which temperatures exceeded 20 °C was 91% in April, 100% in May and 97% in June. From 6 to 10 April (cloudy or rainy), the outdoor air temperature was low and the temperature in the sunspace was less than 20 °C. On 24 to 27 June, the room temperature was lower than the outside air temperature. It is considered that the set temperature of dehumidification was lowered. From 1 to 26 April (the air conditioning was turned off), even if the outdoor temperature was lower than 20 °C, each room was kept comfortable only by sending the heat from the sunspace to the air conditioning room. Therefore, in the intermediate period, the use of a combination of the sunspace and the central air circulation system can maintain the thermal environment of each room. 
Figures 11-13 show the temperature of each room and the temperature of the outside air. From 1 to 26 April, the air conditioning was turned off and the air in the sunspace was sent to the air conditioning room when the temperature in the sunspace exceeded 24 • C. From 27 April to 19 June, the air conditioning was turned off and the air in the sunspace was not sent to the air conditioning room. After 20 June, the air conditioning was turned on (dehumidification, the air conditioning temperature was set at 27 • C) and the outside window of the sunspace was opened.
In April and May, the temperature in the sunspace did not exceed 40 • C and the temperature difference between daytime and nighttime in the sunspace was not large. This is because the outdoor temperature rose and the amount of incident solar radiation decreased. From April to May, about 60% of the days in the sunspace have a temperature of more than 30 • C, which is 10% lower than in winter. In April and May, the solar altitude became larger and the amount of solar radiation was less than in winter. In April and May, the proportion of days in which the sunspace temperature was over 24 • C (the control temperature when the air in the sunspace is sent to the air conditioning room) was 48% and 71%, respectively. Compared with winter, the proportion increased. It can be concluded that as the outside air temperature rises, the temperature in the sunspace rises as a whole.
In all rooms, the proportion of days in which temperatures exceeded 20 • C was 91% in April, 100% in May and 97% in June. From 6 to 10 April (cloudy or rainy), the outdoor air temperature was low and the temperature in the sunspace was less than 20 • C. On 24 to 27 June, the room temperature was lower than the outside air temperature. It is considered that the set temperature of dehumidification was lowered. From 1 to 26 April (the air conditioning was turned off), even if the outdoor temperature was lower than 20 • C, each room was kept comfortable only by sending the heat from the sunspace to the air conditioning room. Therefore, in the intermediate period, the use of a combination of the sunspace and the central air circulation system can maintain the thermal environment of each room. Figures 14 and 15 show the temperature of each room, the temperature of the outside air and solar radiation. On sunny days, owing to the large temperature difference between daytime and nighttime and the large amount of solar radiation during the daytime, the temperature difference between daytime and nighttime in the sunspace was relatively large. The difference on 26 April was 14.4 • C. On 25 and 26 April, the air in the sunspace was sent to the air conditioning room and the temperature in each room fluctuated greatly. On 27 April, the temperature in each room moderately changed because the air in the sunspace was not sent to the air conditioning room. When the amount of solar radiation is relatively small on a rainy day, the temperature difference in the sunspace is relatively small. The difference on 4 April was 6.2 • C. When the temperature in the sunspace was lower than 24 • C, the air in the sunspace was not sent to the air conditioning room, so the central air conditioning machine could keep the temperature of each room at a constant temperature and the temperature rose as the outdoor air temperature rose. However, even on rainy days, the temperature in the sunspace exceeded 24 • C. It can be concluded that the heat in the sunspace can be used during the intermediate period. Figures 14 and 15 show the temperature of each room, the temperature of the outside air and solar radiation. On sunny days, owing to the large temperature difference between daytime and nighttime and the large amount of solar radiation during the daytime, the temperature difference between daytime and nighttime in the sunspace was relatively large. The difference on 26 April was 14.4 °C. On 25 and 26 April, the air in the sunspace was sent to the air conditioning room and the temperature in each room fluctuated greatly. On 27 April, the temperature in each room moderately changed because the air in the sunspace was not sent to the air conditioning room. When the amount of solar radiation is relatively small on a rainy day, the temperature difference in the sunspace is relatively small. The difference on 4 April was 6.2 °C. When the temperature in the sunspace was lower than 24 °C, the air in the sunspace was not sent to the air conditioning room, so the central air conditioning machine could keep the temperature of each room at a constant temperature and the temperature rose as the outdoor air temperature rose. However, even on rainy days, the temperature in the sunspace exceeded 24 °C. It can be concluded that the heat in the sunspace can be used during the intermediate period. Figures 14 and 15 show the temperature of each room, the temperature of the outside air and solar radiation. On sunny days, owing to the large temperature difference between daytime and nighttime and the large amount of solar radiation during the daytime, the temperature difference between daytime and nighttime in the sunspace was relatively large. The difference on 26 April was 14.4 °C. On 25 and 26 April, the air in the sunspace was sent to the air conditioning room and the temperature in each room fluctuated greatly. On 27 April, the temperature in each room moderately changed because the air in the sunspace was not sent to the air conditioning room. When the amount of solar radiation is relatively small on a rainy day, the temperature difference in the sunspace is relatively small. The difference on 4 April was 6.2 °C. When the temperature in the sunspace was lower than 24 °C, the air in the sunspace was not sent to the air conditioning room, so the central air conditioning machine could keep the temperature of each room at a constant temperature and the temperature rose as the outdoor air temperature rose. However, even on rainy days, the temperature in the sunspace exceeded 24 °C. It can be concluded that the heat in the sunspace can be used during the intermediate period. Figures 16-19 show the temperature of each room and the temperature of the outside air. From 1 to 23 July, the air conditioning with dehumidification function was turned on (the air conditioning temperature was set at 27 • C) and the outside window of the sunspace was opened. From 23 August to 16 October, the air conditioning was turned on (cooling, the air conditioning temperature was set at 26 • C) and the outside window of the sunspace was closed. At this time, the air in the sunspace was sent to the air conditioning room only during the time when the temperature in the sunroom was lower than 24 • C. From 17 to 30 October, the air conditioning was turned off and the air in the sunspace was sent to the air conditioning room when the temperature in the sunspace exceeded 24 • C. From 23 to 31 August, September and 1 to 16 October, the ratio of temperatures below 24 • C in the sunspace was 0%, 8% and 1%, respectively. 
Analysis of Thermal Environment in Summer
Figures [16] [17] [18] [19] show the temperature of each room and the temperature of the outside air. From 1 to 23 July, the air conditioning with dehumidification function was turned on (the air conditioning temperature was set at 27 °C) and the outside window of the sunspace was opened. From 23 August to 16 October, the air conditioning was turned on (cooling, the air conditioning temperature was set at 26 °C) and the outside window of the sunspace was closed. At this time, the air in the sunspace was sent to the air conditioning room only during the time when the temperature in the sunroom was lower than 24 °C. From 17 to 30 October, the air conditioning was turned off and the air in the sunspace was sent to the air conditioning room when the temperature in the sunspace exceeded 24 °C. From 23 to 31 August, September and 1 to 16 October, the ratio of temperatures below 24 °C in the sunspace was 0%, 8% and 1%, respectively. 
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Simulation Model Validation and Energy Performance of a Sunspace
In order to verify the model by experiment, the measured meteorological data of Miyazaki was configured as a data input file of the simulation program based on the state of the demonstration house. The time step was ten minutes. The experiment was carried out with air conditioning all day. The air was sent to the central air conditioning room from a sunspace only when the temperature inside the sunspace was above 24 °C. The air circulation between the sunspace and the central air conditioning room was 500 m 3 /h. Figure 22 shows a comparison of simulated temperature and monitored temperature for the LDK (living/dining/kitchen) and the sunspace. The fact that the simulated temperatures roughly match the actual ones confirms that the simulation software is highly accurate. 
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Conclusions
A field study survey was conducted in this paper to investigate the thermal performance of a sunspace attached to a house with a central air conditioning and air circulation system. The main conclusions are as follows:
(1) In winter, when the air conditioning temperature was set to 22 • C, the temperature of each room were maintained at 20 • C by the central air conditioning even in the lowest outdoor air temperature. When the solar radiation was sufficient, the temperature inside the sunspace was 40 • C or higher, so we can confirm that sunspace is effective in collecting heat. On sunny days, when the air in the sunspace was sent to the air conditioning room, the temperature in the sunspace dropped slightly and the temperature was kept high. Therefore, it is necessary to consider ways to further use the heat inside the sunspace, such as adding additional thermal storage in the sunspace. Compared to a house without a sunspace, a house with a sunspace can save about 12.2% of energy. (2) In the intermediate period, the air conditioner was turned off and the temperature of each room was maintained by sending the heat from the sunspace to the air conditioning room. In addition, in May, although the nighttime outdoor air temperature was lower than 20 • C, the air conditioning was turned off and the air in the sunspace was not sent to the air conditioning room but each room was at a comfortable temperature (22 • C~28 • C). That's because the high insulation performance of the house prevented the temperature from falling. (3) In summer, each room was kept at a comfortable temperature (25 • C~28 • C) by opening the outside window of the sunspace and turning on the air conditioning. Owing to the high thermal insulation of the house, outdoor air had little effect on the cooler indoor air. (4) During the days and nights of the whole year, the temperature of each room will change with the change of outdoor air temperature and solar radiation and be kept at a comfortable temperature. In addition, as a result of the influence of solar radiation, there is a certain temperature difference between the north and south and the east and west rooms (±3 • C). It can be concluded that the central air conditioning and air circulation system can adjust the comfort quickly and efficiently.
For future work, it is recommended that the storage materials (floors and walls), the optimum thickness of the sunspace and the optimal fan speed are studied. 
